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ABSTRACT 



A soil analysis system for determining one or more catego- 
ries of soil based upon the particle sizes in a soil sample. The 
soil analysis system includes an image sensor and an image 
analysis assembly. ThQ image sensor produces an image to 
distinguish individual particles of a soil sample and calcu- 
lates particle size. The image analysis assembly is coupled 
to the image sensor to determine a category for each particle 
based upon the size of the particles, percentage of each 
category of particles, and one or more categories of soil for 
the soil sample. 

22 Claims, 12 Drawing Sheets 
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SOIL PARTICLE AND SOIL ANALYSIS 
SYSTEM 

This application claims the benefit of provisional appli- 
cations Sen No. 60/096,821, filed Aug. 17, 1990. 

BACKGROUND OF THE INVENTION 

The present invention relates to a system for determining 
a soil characteristic, in particular, a system for analysis of the 
size of individual particles to determine characteristics of 
soil samples over a geographic area for agricultural appli- 
cations. 

An agricultural field generally includes a variety of soil 
characteristics. It is particularly useful to evaluate the soil to 
determine the optimum crops for maximum yield potential 
and for treatment methods available. 

Reference is made to U.S. Pat. No. 4,630,773, entitled. 
Method and Apparatus for Spreading Fertilizer, U.S. Pat. 
No. 5^55,815, entitled, Closed-Loop Variable Rate Appli- 
cator; and U.S. Pal. No. 5,887,491, entided. Soil Analysis 
Assembly and System. 

All documents cited herein, including the foregoing, are 
incorporated herein by reference in their entireties for all 
purposes. 

SUMMARY OF THE INVENTION 

The present invention relates to a soil analysis system for 
determining: 1) a percentage of particles within certain size 
ranges in a region of interest in a soil sample, for example, 
size ranges comparable to sand, silt, and clay; and 2) a 
general soil characterization of the soil sample as a function 
of the percentage of the particles in each size range. 

Although soil type can include particular characteristics 
such as the physical nature of the soil, e.g., average particle 
size of sand, silt, clay, and the like, and their respective 
relationships, a general reference to the term soil type can 
include a variety of other characteristics and properties of a 
soil sample. 

The soil analysis apparatus determines a particular soil 
characteristic of a soil sample, in particular, the general 
physical nature of particles and the percentage of particles 
having generally common physical features. The soil analy- 
sis system is configured to determine a soil sample as one of 
generally sand, silt, clay, sandy clay, siUy clay, sandy clay 
loam, clay loam, silty clay loam, loamy sand, sandy loam, 
loam, and the like. 

With the soil analysis system, a series of soil samples can 
be analyzed to advantageously determine the relative soil 
makeup over a geographic area. Sand, silt, and clay each 
have a generally distinct size range relative to one another 
and their respective percentage in a soil sample can deter- 
mine a general soil character. For example, sand is generally 
characterized by large particle size; silt by medium particle 
size; and clay by small particle size. The relationship of each 
soil sample to another can be used to map soil characteristics 
over a geographic area. 

The soil analysis system includes an image analysis 
assembly coupled to an image sensor to isolate particles and 
calculate individual particle size to advantageously deter- 
mine characteristics of a plurality of soil samples throughout 
a geographic area. The soil information may be further 
analyzed to determine a treatment plan as a function of the 
soil characteristics and the respective location of each soil 
sample in a geographical area. 

In sum, the invention relates to a soil analysis system. The 
soil analysis system includes a sensor device and an image 
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analysis assembly. The sensor device produces information 
corresponding to an image of at least a portion of one or 
more particles in one or more portions of a soil sample. The 
image analysis assembly is operatively coupled to the sensor 

5 device and determines a category for each of the one or more 
particles. The category is based on a function of size or 
surface area of each particle. The soil analysis system may 
determine a category for the one or more portions of the soil 
sample. The category may include clay, sandy clay, silty 

JO clay, sandy clay loam, clay loam, silty clay loam, sand, 
loamy sand, sandy loam, loam, and silt. The image analysis 
assembly may further include a particle size calculation 
assembly for determining the size of the one or more 
particles and a soU determination assembly for determining 

15 at least one category of soil. The soil analysis system may 
further include a first light source positioned at an angle 
relative to the soil sample on a first side of the sensor device 
and a second light source positioned at an angle relative to 
the soil sample on a second side of the sensor device. The 

20 first light source may have a first wavelength and the second 
light source may have a second wavelength different from 
the first wavelength. The sensor device may distinguish at 
least a portion of one or more edges of the one or more 
particles. The particle size calculation assembly may deter- 

25 mine an average radius of the one or more particles. The 
image analysis assembly may determine if a particle has 
been substantially isolated. The image analysis assembly 
may compare the size of the one or more particles in the soil 
sample to data relating to sand, silt, and clay and categorize 

30 the one or more particles as one of sand, silt, and clay. The 
image analysis assembly may determine the percentage of 
sand, silt, and clay in the soil sample and categorize the soil 
sample. The image analysis assembly may be operatively 
coupled to a controller for operation of an apparatus for 

35 treatment of a geographic area. The image analysis assembly 
may be operatively coupled to a mapping system. The image 
analysis assembly may be operatively coupled to a map 
analysis system for analyzing one or more data maps. The 
mapping system may integrate one or more soil type maps 

40 with one or more data maps. Tlie controller may functionally 
cooperate with one or more maps relating to characteristics 
of a geographic area. 

The invention also relates to a soil imaging assembly 
including a sensor device and a soil image assembly. The 

45 sensor device produces at least one form of an image 
corresponding to one or more portions of a soil sample 
including a plurality of particles. The sensor device has 
sufficient resolution to distinguish the plurality of particles. 
The soil image assembly functionally cooperates with the 

50 image sensor. The image sensor and the soil image assembly 
communicate with one another to determine at least one of: 
a) one or more categories of particles in the soil sample; b) 
a percentage of each category of particle in the soil sample; 
and c) a category of soil representative of the percentages of 

55 the one or more categories of particles in the soil sample. 
The sensor device may include a photosensitive imaging 
device. The photosensitive imaging device may include a 
charged coupled device. The charged coupled device may 
includes color capability. The soil imaging assembly may 

60 further include a first and second light source. Each light 
source has one or more wavelengths corresponding to at 
least one of red, green, and blue. 

The invention also relates to a method for analyzing soil 
including: positioning a photosensitive imaging device 

65 adapted to convert light intensity to an image in a functional 
relationship with one or more portions of a soil sample, the 
soil sample including one or more particles; producing 
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informatioa corresponding to aa image of at least a portion 
of the one or more particles; isolating at least a portion of the 
one or more particles; calculating a size of the one or more 
particles; comparing the size of the one or more particles to 
data relating to at least one of sand, silt, and clay; classifying S 
the one or more particles as one of sand, silt, and clay; 
determining the percentage of the sand, silt, and clay in the 
one or more portions of the soil sample; comparing the 
percentages of the sand, silt, and clay to data relating to at 
least one category of soil; and classifying the one or more lO 
portions of the soil sample as at least one of clay, sandy clay, 
silty clay, sandy clay loam, clay loam, silly clay loam, sand, 
loamy sand, sandy loam, loam, and silt. 

Still other objects and advantages of the present invention 
and methods of construction of the same will become readily ^5 
apparent to those skilled in the art from the following 
detailed description, wherein only the preferred embodi- 
ments are shown and described, simply by way of illustra- 
tion of the best mode contemplated of carrying out the 
invention. As will be realized, the invention is capable of 20 
other and different embodiments and methods of 
construction, and its several details are capable of modifi- 
cation in various obvious respects, all without departing 
from the invention. Accordingly, the drawing and descrip- 
tion are to be regarded as illiistrative in nature, and not as 25 
restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is a side elevation view of a vehicle including the 
soil particle and soil analysis system; 

FIG. 2 is a simplified block diagram of components of the 
soil particle and soil analysis system; 

FIG. 3 is a plan view of an image sensor over a soil 
surface; 

FIG. 4 is a plan view of enlarged individual particles at the 
soil surface of FIG. 3 and a sensor device; 

FIG. 5 is a schematic view of exposed surfaces of adjacent 
particles and a sensor device; 

FIG. 6A is a simplified example of data storage corre- 40 
sponding to measurements of light intensity of individual 
particles; 

FIG. 6B is a simplified example of a two dimensional 
matrix representing an image; 

FIG. 6C is a simplified example of data storage corre- 
sponding to measurements of light intensity of individual 
particles; 

FIG. 7 is a simplified flow chart of software for the soil 
analysis system; 

FIG. 8 is a plan view of overlapping particles; 

FIG. 9 is a plan view of a particle partially hidden behind 
other particles; 

FIG. 10 is a simplified flow chart of software for the soil 
analysis system; and 55 

FIG. 11 is a chart identifying categories of soil. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention relates to a soil analysis system for 60 
determining soil characteristics over a geographic area based 
upon an analysis of particle size in a plurality of soil 
samples. The soil samples are imaged at spaced intervals to 
create a detailed description of the soil over a geographic 
area. The information may be used to determine optimum 65 
plant varieties for maximum yield and treatment plans for 
crop growth. 
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Reference is made to FIGS. 1-2 which illustrates a 
vehicle 10 including a soil analysis system 12, frame 14, 
wheels 16, cab 18, hoppers 20, and dispensing apparatus 22. 
The soil analysis system 12 includes a soil imaging assem- 
bly 24, particle size calculation assembly 36, and soil 
determination assembly 38. The soil imaging assembly 24 
captures an image of a soil sample and distinguishes indi- 
vidual particles in the soil sample. Generally, the particles 
are arranged in a non -uniform pattern and include curved 
surfaces. The particle size calculation assembly 36 analyzes 
the size of the individual particles in the soil sample. The soil 
determination assembly 38 compares the size of the indi- 
vidual particles to particle size data and determines each 
particle characteristic as one of sand, silt, and clay; calcu- 
lates a percentage of sand, silt, and clay in the soil sample; 
and compares the percentage of sand, silt, and clay to soil 
data to determine a category of soil for the soil sample. 

The soil imaging assembly 24 includes a knife 26 and an 
image sensor 28. The knife 26 includes a base 30 coupled to 
the frame 14, and a knife extension 32. In use, the knife 
extension 32 engages and uncovers a layer of soil at a depth 
between about 1 to about 8 inches below a soil surface 34 to 
obtain a generally static soil sample. A housing structure 
may enclose the image sensor 28 and light sources to block 
or reduce the influence of ambient light The soil imaging 
assembly 24 may incorporate a probe structure adjustable 
supported relative to frame 14 for insertion into the ground 
to image a soil sample. The probe structure may be used for 
collection of soil samples for further analysis. 

In use, the vehicle 10 transverses a field as the soil 
imaging assembly 24 images a plurality of soil samples at 
spaced intervals. A controller coupled to an output such as 
the dispensing apparatus 22 may dispense material at 
selected rates from hoppers 20. The soil analysis system 12 
may be used with a testing vehicle for collection and 
analysis of soil data. 

FIGS. 3-4 illustrate an embodiment of a soil imaging 
assembly 24 including an image sensor 28, microscopic lens 
42, first light source 44, and second light source 46 for 
imaging a soil sample. Preferably, the image sensor 28 is a 
camera including a color charge coupled device (CCD) and 
a focus lens positioned generally perpendicular to the sub- 
ject soil sample. The first light source 44 is located on a first 
side of the image sensor 28, at an angle 9, preferably about 
45 degrees relative to the soil sample. The second light 
source 46 is located on a second opposed side of the image 
sensor 28, at an angle , preferably about 45 degrees relative 
to the soil sample. Alternatively, the image sensor 28 and 
light sources 44, 46 may be positioned at angles less than 90 
degrees relative to the soil sample, suf&cient to obtain 
images and relationships of the particles at the image sensor 
28. 

Light sources. 44, 46 provide distinguishable wavelengths 
for identifying the individual particles in the soil sample. 
Preferably, the Light sources 44, 46 are coherent coUimated 
light corresponding to at least two of the primary colors of 
light: red, green and blue. In a preferred embodiment, light 
source 44 is a red light source and light source 46 is a green 
light source. Light sources 44, 46 cooperate with the image 
sensor 28 sufficiently to distinguish at least the exposed 
surfaces, provides an edge enhanced view of the individual 
particles, and produces a color image. Other colored light 
sources and wavelengths may be used to distinguish the 
particles. 

As shown in FIG. 5, red and green light from respective 
light sources 44, 46 reflect from the exposed surfaces of the 
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individual particles and are received at the image sensor 28 FIG. 6C is a simplified example of data storage corre- 

to create an image. For example, partide A includes surface spending to measurements of light intensity for three color 

areas with red light portion 52, green light portion 54 and a sources which may be used to form a color palette repre- 

mixed red/green light portion 56. The image sensor 28 scnting the image. Total Ught intensity may be calculated 

receives a red image R from red light portion 52, a green s and stored for further analysis 

portions 52, 54 and 56 relate to the orientation of the instructions for isolating parUclcs and determining particle 

exposed surfaces and the light sources 44, 46. The size and ^ I^^ particle size calculation assembly 36. The 

orientation of the particles, and the spatial relationship algorithm mstiuctions are continuously executed, X number 

between the light sources 44, 46, image sensor 28, and the ^^^^^ particle size information for all of the 

particles influence the resulting image at the image sensor visible particles has been determined. Step 70 isolates M 

28. units for a particle. The matrix (row, column) location of all 

The image sensor 28 outputs data to a computer to ^ ^ recorded or stored for further analysis, 

determine particle size. The data and software can create Steps 72-76 determine the outer boundaries of a particle, 

three dimensional information to determine the size and for example, the left edge of the particle is determined by 

relationships of the particles. For example, the length of a isolating R units to the left of the M units. R units generally 

shadow and angles of light source can determine the height indicate the boundary of G units. Step 74 adds the R units 

of a particle when a portion of the particle is hidden or ^he M units. Step 75 determines the right edge limit of a 

obstructed as shown in FIGS. 8-9. particle by isolating area G units. Step 76 adds the locations 

Image sensor 28 preferably includes an area array with ^ ^ and M units. Once the matrix 

photosensitive MOS capacitors formed into a two dimen- location information for a particle is complete, step 80 

sional matrix. Pixels including optical microlens focus the determines a centroid of the particle. Step 82 calculates a 

light onto the capacitors. The photosensitive elements con- ^^^^^ centroid to the perimeter using a plurality of 

vert light from an image into an electrical charge. The image .5 ^^S^^^- ^^^P determines the average radius of the particle, 

sensor 28 includes an output that converts the charge into Additional steps may include performing a statistical analy- 

voltage and provides a pixel-by -pixel, row by row repre- determine whether a radius measurement is consistent 

sentation of the image on the area array. ^^^^ ^^^^^ calculated radii and if the radius measurement 

HG. 6A illustrates a simplified example of data storage ^^^^^^ included in the data. Step 86 analyzes whether a 

corresponding to measurements of light intensity for a series 30 P^''^^^^ ^soUitd or if only a fraction of the particle 

of pixels. Ught intensity corresponding to a scale, for isolated. If the particle has been isolated, the 

example, 1-256 may be detected at the image sensor 28. average radius is stored at step 88 for further analysis. 

Measurements at each pixel are analyzed to determine if a Incomplete particle size data influences the accuracy of 

threshold level of intensity is available for a representative ^^le soil analysis results. For example, if step 72 does not 

image. For example, light intensity is considered negligible 35 isolate R units or if step 76 does not isolate G units, an 

or null N, if the threshold level is set at 128 and the light incomplete particle flag is initiated. Step 90 determines 

intensity is measured at less than 128. A light intensity whether the missing portion of the particles or an image of 

greater than or equal to 128 is meaningful and can be stored * complete particle can be extrapolated from other available 

in memory. The threshold intensity levels for each light information. 

source may be optimized by experimentation. Total hght 40 FIG. 8 illustrates an example of particles positioned at 

intensity is the combination of intensity associated with the different levels. The depth of the particles may be deter- 

wavelengths of the light sources. mined to create a three dimensional representation. For 

FIG. 6B illustrates a simplified example of a two dimen- example, the right portion of particle A is obstructed by 

sional matrix 60 which can be generated from image sensor particle B. In this situation, G units may be extrapolated 

28 to represent an image of a particle. A plurality of rows 62 45 ^ase^ upon the R units and the M units. To define the 

and columns 64 define color information units 66 for each particle, the centroid of the combined particle may be 

pwel. A threshold light intensity of red is designated as R; determined at step 80; the radius calculated at various angles 

green is designated as G; red and green are designated as M. at step 82; the average radius calculated at step 84; and the 

The image of an individual particle 67 includes M units average radius may be stored at step 88. Particle size may 

surrounded by R units and G units. Generally, a greater 50 also be determined by area measurements. The missing 

number of pixels increases the resolution of the image and portion of the particle may be determined at step 91. Step 92 

provides more accurate particle size data. determines if the matrix data is complete. If all of the matrix 

The image sensor 28 may also include a camera having a ^.^^^ ^as not been analyzed, steps 70-92 repeat untU comple- 
black/white CCD. The soil sample may be imaged twice to 

determine the edges and dimensions of the individual par- 55 FIG- 9 illustrates an example of particles A and C 

tides. To isolate a first edge of a particle, a first image may obstructing particle B. Red and green light from the first and 

be taken with a first light source positioned on a first side of second light sources 44, 46 shine at opposed angles on 

the camera and at an angle, preferably about 45 degrees, particles A, B, and C. The relative depth of the particles may 

relative to the soil sample. To isolate a second edge of the be determined based upon the angle of incident light and the 

particle, a second image would be taken with a second light 60 width of the shadow created. The height of layer may be 

source positioned on a second opposed side of the camera determined based upon the angle of the incident light and the 

and at an angle, preferably about 45 degrees relative to the length of the shadow using trigonometry. Since portions of 

soil sample. The boundaries of the first and second sides of particle B are hidden, some itiformation may not be avail- 

the particle can be formed by combining the two images. able or extrapolated under certain conditions. In such 

Individual particles boundaries may also be isolated from a 65 situations, particle B may be excluded from the data, 

single image by isolating areas of low light reflection FIG. 10 illustrates a simplified flow chart of software 

associated with areas of void spaces between the particles. instructions for determining a category of soil using the soil 
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determination assembly 38. Step 94 inputs data relating to detailed and accurate soil map. To accomplish the increased 

particle size of sand, silt and clay including ranges of test samples in a particular area, the vehicle may increase the 

particle size determined from experimentation or available number of transverses it makes in a particular area of a field, 

soil data. Step 96 uses radius information of a particle for rp,^ „„,i„^- ui i'> • i j 

comparison with data relating to partick sizes of sand, sUt. S . ^od analysis assembly 12 may mclu^^ 

and clay. Step 100 compares each individual actual particle l""'"'*'^?, F°f>nft (GKO and Tag 

dimension to determine if the particle is sand, silt, or clay P'"?^. CH-f ^-^^^ hi^resoltiUon graphics and 

and stores the information. Th^ process continues until all interchange of digital unage data, 

of the particles have been analyzed. The percentages of sand, The above described embodiments of the invention are 

silt, and clay in the soil sample arc calculated at step 104. lo merely descriptive of its principles and are not to be con- 

The category of soil is determined at step 106. The data is sidered limiting. Further modifications of the invention 

stored in computer memory and further analyzed as desired. herein disclosed will occur to those skilled in the respective 

FIG. U illustrates a chart from the United States Depart- ^""^^^l ^^^^ modifications are deemed to be within the 

ment of Agriculture categorizing soil based upon the per- ^^P^ ^^.^^^ mvention as defined by the foUowing claims, 

centage of sand, percentage of silt, and percentage of clay in 15 What is claimed is: 

a soil sample. For example, a soil sample including 20% 1. A soil analysis system comprising: 

clay, 40% sand, and 40% silt is classified as loam. An a sensor device configured to produce information corre- 

appropriate soil treatment for the field may be determined sponding to an image of at least a portion of one or 

based on a determination of the categories of soil for each more particles in one or more portions of a soil sample; 

soil sample over a geographic area. 20 ^^^^^ analysis assembly operatively coupled to the 

A scries of soil samples advantageously allows a user to sensor device, the image analysis assembly configured 

determine one or more materials, such as fertilizer, seed, or to determine a category for each of the one or mare 

chemical, and the rate of application of the materials to be particles wherein the category is based on a function of 

distributed over a field. size or surface area of the one or more particles; and 

An appUcation treatment map may incorporate geographi- a first light source positioned at an angle relative to the 

cal maps and field characteristic maps having attributes soil sable on a first side of the sensor device and a 

which affect production and growth. The evaluation and second light source positioned at an angle relative to 

influence of each attribute may be determined based upon the soil sample on a second side of the sensor device, 

agronomic relationships, data, and experimentation. Soil 2. The soil analysis system of claim 1 wherein the soil 

data may include soil nutrient levels, soil pH, and organic analysis system is adapted to determine a category for the 

matter. A soil map using data from the soil analysis system one or more portions of the soil sample, the category 

12 and a field location system may be prepared by a map selected from the group consisting of clay, sandy clay, silty 

generating system. clay, sandy clay loam, clay loam, silty clay loam, sand. 

To coordinate soil information with field location, the 35 loamy sand, sandy loam, loam, and silt, 

field location of the vehicle 10 may be tracked for each soil 3. The soil analysis system of claim 1 wherein the image 

sample. Field location may be determined by a variety of analysis assembly further comprises; 

methods including a Global Positioning System such as a a particle size calculation assembly for determining the 

LORAN navigation system for tracking the vehicle by size of each of the one or more particles; and 

satellites as it inoves through the field; or a dead reckoning ^ soil determination assembly for determining at least one 

system for tracking the vehicle based upon a field location category of soil for each of the one or more particles, 

relative to a fixed frame of reference which may be adjusted 4 ^he soil analysis system of claim 3 wherein the particle 

based upon vehicle speed and Ume. Soil information may be 3^^^ calculation assembly is adapted to determine an average 

mtegraled with a geographical mformation systems (CIS) to .^^ius of the one or more particles, 

provide treatment plans Reference is made to a geographi- 45 5. j^^ analysis system of claim 3 wherein the particle 

cal mformation system (GIS) for controlling application of ^ize calculation assembly determines the cenlroid of each of 

matenal to a field as described in U.S. Pat. Ser. No. ^hc one or more particles. 

08/774,627 entitled, System and Method for Creating Agri- g t^c soil analysis system of claim 5 wherein the particle 

cultural Design and AppUcation Maps for Automated Agri- calculation assembly further determines the radius from 

cultural Machmes. The maps may contam geographical data 50 ^entroid of each of the one or more parUcles to the 

including field boundaries, waterways, terrain, and field perimeter of each of the one or more particles and further 

charactenstic data. determines the average radius of each of the one or more 

The soil imaging assembly 24 may be positioned at a particles, 

forward end of the vehicle 10 for imaging of the soil 7. The soil analysis system of claim 1 wherein the first 

samples. The particle size calculation assembly 36 and soil 55 light source has a first wavelength and the second light 

determination assembly 38 cooperate to provide soil infor- source has a second wavelength different from the first 

mation that can be incorporated into a GIS system. A wavelength. 

corresponding treatment map controls the dispensing appa- g. The soil analysis system of claim 1 wherein the sensor 

ratus 22 as the vehicle 10 moves through the field. Data device is adapted to distinguish at least a portion of one or 

collection and treatment of the field may occur at substan- go more edges of the one or more particles, 

tially the same time as the vehicle 10 transverses the field. 9. The soU analysis system of claim wherein image 

The soil analysis system 12 may be independent of a field analysis assembly is adapted to determine if a particle has 

application process. The fi-equency of soil sample testing been substantially isolated. 

may be controlled and adjusted depending upon the field 10. The soil analysis system of claim 9 wherein the image 

location and topography. For example, a particular area of a 65 analysis assembly is configured to determine the percentage 

field may have more diverse topography and more catego- of sand, silt, and clay in the soil sample and categorize the 

ries of soil where additional test samples produces a more soil sample. 



11/11/2003, EAST version: 1.4.1 



us 6,570,999 Bl 



10 



10 



15 



20 



11. A soil analysis system comprising: 
a soil uncovering device to provide a continuous soil 

sample stream being representative of a continuous, 
non discrete, frequency of soil sample testing; 

a sensor device configured to produce information corre- 
sponding to an image of at least a portion of one or 
more particles in the soil sample stream; and 

an image analysis assembly operatively coupled to the 
sensor device, the image analysis assembly configured 
to d die a category for the one or more particles wherein 
the category is based on a function of size or surface 
area of the one or more particles; 

wherein the image analysis assembly is adapted to deter- 
mine an average radius of the one or more particles. 

12. The soil analysis system of claim 11 wherein the 
image analysis assembly is configured to compare the size of 
the one or more particles in the soil sample stream to data 
relating to sand, silt, and clay and categorize the one or more 
particles as one of sand, silt, and clay. 

13. A soil analysis system comprising: 
a soil imaging assembly to capture an image of a soil 

sample and isolate individual particles to distinguish 
individual particles in the soil sample; 
a particle size calculation assembly to analyze the size of ^ 
individual particles in the soil sample, wherein the 
particle size calculation assembly is adapted to deter- 
mine an average radius of each of the one or more 
particles; and 

a soil determination assembly to compare the size of the 
individual particles to particular size and to de eb 
particle characteristic as one of at least sand, silt, and 
clay. 

14. The soil analysis system of claim 13 wherein the soil 
determination assembly is operatively coupled to a control- 
ler for operation of an apparatus for treatment of a geo- 
graphic area, 

15. The soil analysis system of claim 14 wherein the 
controller functionally cooperates with one or more maps 
relating to characteristics of a geographic area. 

16. The soil analysis system of claim 13 wherein the soil 
determination assembly is operatively coupled to a mapping 
system. 



35 



40 



17. The soil analysis system of claim 16 wherein the 
mapping system is configured to integrate one or more soil 
type maps with one or more data maps. 

18. The soil analysis system of claim 13 wherein the soil 
determination assembly is operatively coupled to a map 
analysis system configured to analysis one or more data 
maps. 

19. The soil analysis system of claim 13 wherein the soil 
imaging assembly comprises a soil uncovering device and 
an image sensor, the soil uncovering device to provide a 
continuous soil sample stream being representative of a 
continuous, non discrete, frequency of soil sample testing, 
and the image sensor to isolate individual particles for the 
particle size calculation assembly. 

20. The soil analysis system of claim 13 wherein the soil 
determination assembly further calculates a percentage of 
sand, silt, and clay in the soil sample, and further compares 
the percentage of sand, silt, and clay to soil data to determine 
a category of soil for the soil sample, 

21. A method of soil analysis comprising the following 
steps: 

providing a soil sample; 

positioning a sensor device configured to produce infor- 
mation corresponding to an image of at least a portion 
of one or more particles in the soil sample; 

determining from the image of at least a portion of one or 
more particles in the soil sample an average radius of 
each of the one or more particles; 

comparing the average radius of each of the one or more 
particles to data relating to at least one of sand, silt, and 
clay. 

22. The method of soil analysis of claim 21 further 
comprising the steps of: 

classifying each of the one or more particles as one of 

sand, silt, and clay; and 
determining the percentage of the sand, silt, and clay in 

the soil sample. 
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